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Signature images were calculated in the usual way from 
sets of 8,192 points in one second of voltage and current 
data,overlapped by50% to give a data point every½sec[1, 2]. 
One of the simplest statistical properties of a signature 
set is the overall scatter of the signatures in signature image 
space. For computational convenience [1], each signature is 
represented as a set of U coordinates, in terms of a basis set 
of orthogonal unit signatures B1, B2 … BU . The standard 
deviation ?u in each basis direction u can readily be 
calculated, and summing the squares gives an estimate of 
the overall scatter ?S, which is proportional to the 
multidimensional volume occupied by the signature set: 
? ?
?
??
?
? ?
?
??
?
? ? ?     (1) 
The factor of 10-5 is included for numerical convenience. 
To investigate the behavior of ?S along a weld, 
signatures were added successively to a signature set, and 
?S was calculated at each stage. Figure 1 plots ?S for the 
control weld and three of the faults.  
Fig. 1 Cumulative signature image scatter for several faults. 
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For the control weld (Fig. 1a), ?S increases during 
welding past the coupons, however the change for the 
second coupon is much smaller because information about 
the overlap weld at the coupon has already been 
incorporated in the signature image set. For the weld with a 
single coupon (Fig. 1b) there is an increase at the coupon as 
expected, while the wire feed jam gives a very large scatter 
starting at the time of the problem and decreasing as more 
signatures are added to the set. There is little evidence of 
the coupons for the contaminated weld (Fig. 1d). 
The curves of Fig. 1 provide a statistical fingerprint of 
the weld that could be employed for fault detection, and the 
technique could be extended to treat long sequences of 
welds with signatures accumulated in a single reference set. 
The value of ?S at the end of the weld (?S)tot contains 
information from the entire weld and could be used as a 
single statistical measure for fault detection. Figure 2 plots 
(?S)tot for the control weld and faults on a logarithmic scale. 
The standard deviation ? of (?S)tot from three control welds 
was calculated and the band of values within one standard 
deviation from the mean is indicated by horizontal lines in 
Fig. 2. The localized wire feed jam (yellow bar) is readily 
detectible with a much larger scatter. The contaminated 
weld (pale green bar) is detected with a decrease rather than 
an increase in scatter, evidently reflecting the reduced 
response to the coupons. When both coupons are absent 
(green bar), there is clear detection with a marked decrease 
in scatter since the weld has become uniform. 
 
 
Fig. 2 Scatter (?S)tot at end of weld for control and faults 
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The weld with incorrect parts (cyan bar) does not differ 
significantly from the control weld (blue bar). This is to be 
expected because the welds produce a signature set with 
similar signatures, in slightly different proportions since 
one coupon is missing. Fig. 3 compares the signature 
distributions at the end of the weld for the control weld 
(two coupons) and the weld with incorrect parts (one 
coupon). The locations of the signatures are shown with 
respect to the first three principal axes, with the first, the 
direction of maximum scatter, and the following, with 
successively less scatter. Evidently the first axis 
corresponds to the change in welding between the overlap 
welding with the coupon and the bead on plate welding 
without, while the second axis is related to time variation 
along the weld. Clearly the two distributions are different, 
and the challenge is how to condense this rather 
complicated form of visualization into a more accessible 
form. 
 
4. Automated welding research facility  
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The use of statistical measures with signature images, 
leads to the possibility of sophisticated analysis treating 
both inter- and intra-weld variations in complex robotic 
weld sequences. Using more sophisticated measures than 
(?S)total will allow detection of a range of faults as well as 
indicators of reproducibility and drift. ???????????????????
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